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Tone-burst waveforms are useful 
signals in many diverse fields of elec¬ 
tronics, such as psychoacoustic instru¬ 
mentation, generation of controlled 
perifxlic line transients, and synthe¬ 
sis of the time ‘Mickson standard- 
time radio transmissions. At General 
Radio, tone bursts have been used in 
routine tests of filters and ac meters 
as well as for such unusual purposes as 
the alignment and test of an instrument 
for instantaneous freciuency analysis of 
the high-frequency sound emissions of 
bats. 

Thc.se waveforms also have many 
applications in the te.st and calibration 
of sonar transducers and amplifiers and 
in the measurement of loudspeaker di.s- 
tortion and re.spon.se to tran.sient excita¬ 
tion. Still other uses are found in the 
measurement of room acoustics, auto¬ 
mat ic-gain-control circuits, and ac meter 
respoiLse. 

Tone-Burst Generation 

\ tone burst can be geiierated by a 
pulse generator, a sinusoidal signal 


source, and a .switch or gate, which, on 
command from the pulse generator, 
either pa.s.ses or blocks the pa.ssage of 
signal from the .source. The .switching 
device may be a relay, a motor-iiriven 
contactor, a photore.sistor-light source 
combination, a tramsistor, or a diode 
bridge. Such a combination generally 
reciuires .some design and fabrication of 
components by the as.s<* *mbler and may 
often l>e less than .satisfactory in con¬ 
venience, reliability, .size, cost, and per¬ 
formance. Performance reciuirements, 
in particular, are sometimes more de¬ 
manding than can Ix' satisfied by a 
.simple timing .system, e.specially in 
regard to cohc*rence. 

Coherence 

coherent tone-biirst .signal is one 
in which each burst starts at the same 
point in the signal being gated or 
.switched, and each burst ends at the 
.same point in the signal cycle. For e.x- 
ample, each tone burst might start at 
the positive-slope zero cros.sing of the 
.sinu.soidal .signal, continue for two full 
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Figur* 1. Elem^nfory block diagram of tho Typo 
1396-A Tone-Burst Generator. 

cycles, and end at a positive-slope zero 
crossinR. It is obvious that the spacing 
l>etween l>ur.sts must 1 h‘ an exact whole 
numl>er of signal pericxis (cycles) in 
order to maintain coherence. This leads 
to the conclusion that, to he coherent, a 
tone burst must lx* prcxluced from a 
single autonomou.s signal. A switch ac¬ 
tuated by two independent timers (one 
controlling the on time, and the other 
the off time) cannot in practice produce 
a coherent burst, .since the on and off 
times imist be exact multiples of one 
period of the gated signal, which is a 
nearly impossilile stability re(|uirement. 
To produce a coherent burst, the gating 
signals must lie locked to the desired 
subharmonics of the gated signal. 

The influence of coherence on per¬ 
formance is demonstrated by analysis 
of the frecpiency components in a tone 
burst, which con.sist of the fundamental 
and harmonics of the repetition rate of 
the tone burst. The expre.ssion for am¬ 
plitude of these harmonics is given in 
the appendix, Ix'low. As an example, 
Figures S and 9 show the amplitude of 
the first thirty-one harmonics of tone 
bursts of one cycle on, one cycle off, and 
of eight cycles on and eight cycles off. 


respectively. The figures show the spec¬ 
tra for two gating phases of each tone 
burst. In one case switching occurs at 
zero cros.sings, and in the other case 
switching is at the peak value of the 
signal. The .spectrum varies smoothly 
between the limits .shown as a function 
of gating pha.se. The examples indicate 
clearly that the fretjuency content of a 
tone burst depends upon the number of 
cycles in the burst, the spacing l>etween 
bursts, and upon the gating phase of the 
burst. The effects of phase are .signifi¬ 
cant for shorter bursts at .short .spacings. 
Therefore, to pnxluce a tone burst with 
defined characteristics, tight control of 
phase as well as cycle content is neces¬ 
sary. 

For example, (^oiLsider the case of a 
burst of exactly eight cycles width, but 
of uncontrolled phase. The result is that 
each pul.si‘ has constant energy, but the 
way in which this energy is distributed 
in the freciuency .spectrum is not con¬ 
trolled. Unless the tone burst is used in 
an extremely wide-band system the 
ob.served .system re.spouses will be in¬ 
accurate and not reprcKlucible. 

THE TONE-BURST GENERATOR 

The Type 1390-A Tone-Burst (len- 
erator provides an instrumentation 
bridge for the gap between continuou.s- 
wave testing and step-function, or pulse, 
te.sting. .V digital method of controlling 
gating action allows the production of 
signals that easily meet the re(|uire- 
ments of tight control of frcijnency 
content and pha.se. Figure 1 is a l)lock 


Pago 


CONTENTS A Generator of AC Transients. 1 

OF Price Changes. 10 

THIS ISSUE Low-Distortion Oscillator. 11 

I Automatic Plotting of Antenna Patterns. 12 


2 


0 1964~.GENERAL RADIO COMPANY, WEST CONCORD. MASS., U.S.A. 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800 ) 899-8438 • fax: (516) 334-5988 




















MAY 1964 






oenerator' 

TRIROER LEVEL 




# • 

I—CATC Duration- 
I CYCLE COUNT 


,, eCNERAL RAOIO COUf ANT ! 


SLONE *iflK** 

S w bn 'w '" i' 
■^m X “■»“ •» S"* 

f* 0 eW> 




s 


Figure 2. View of the Type 1396-A Tone-Burst Generator. 


diagram. Instead of using the common 
system of timers to establish the off 
and on times, with a complex locking 
s^'stem to maintain a <‘oherent output, 
this instrument uses a binary scaler to 
establish the number of cycles in the 
burst and between bursts and a simple 
triggeu- system to cotitrol the phasing. 
The binary scaler essentially divides the 
input frecjuency to the desired sub¬ 
harmonic frequency for gating. .\ sim¬ 
ple reset system allows the .same scaler 
chain to be u.^^ed for both off and on 
intervals. The use of binary circuits has 
resulted in an economical, rugg(‘d, and 
compac't instrument, which is (piite 
simple to operate, drift free, and re¬ 
quires no routine maintenance. 

The settings of the controls (Figure 2) 
detcMMuine the number of cycles for 
which the gate will be open and, inde¬ 
pendent 1}% the number of cycles for 
which the gate will be closc*d. The choice 
offered hen* by the binary scaler is 2, 


•1, 8, 16, 32, 64, or 128 cycles. Another 
control allows the scalers to be started 
at one instead of zero, which changes the 
choice of cycle counts to I, 3, 7, 15, 31, 
63, or 127. The scalers then control a 
simple tran.sistor gate, which operates 
on the externally applied V^'nodic input 
signal to produce tone bursts. 

Additional features of the Tone-Hurst 
(lenerator are a switch that holds the 
gate open for preliminary alignment 
of external e(|uij)ment (if nece.ssary); 
trigger controls, which allow complete 
control of the phase of the gate and 
input signal; the ability to u.se st*parate 
input .signals h)r the gate, timing and 
gated .signals; and a timed uukIc for 
extremely long periods between bur.sts. 
In the timed mode, the closed gate in¬ 
terval is set by a one-milli.second-to- 
ten-.second timer, and an internal gate 
system maintains cohereiu’e of gated 
and gating signal. The timer circuit 
operates as a locked oscillator and is 
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used for vcrj' long intervals where exaet 
cycle count is not required for accuracy. 
Although sinusoidal input signals are 
assumed in most of the ai)plications 
listed l>elow, the instrument will func¬ 
tion on any periodic waveforms. If 
pul.ses are applied to the Type 1390-A, 
it performs as a word generator, or fre¬ 
quency divider. 

APPLICATIONS 

The wide range of applications of the 
Type 139r)-.\ Tone-Burst (Tenerator is 
due to the nature of tone-hurst signals, 
whi(’h span the two fields of continuoiLs- 
wave testing and of pulse or step- 
function testing. 

Electro-Acoustical Transducers 

One common application for tone 
hursts is the testing of tran.sducers in an 
amhient not fnK? of echoes. The tone- 
burst test techniques can l>e used to 
separate direct and reflected signals and 
to eliminate standing-wave efTects. Ex¬ 
amples of this are the testing of sonar 
tran.sducers in a tank that produces 
reflections and of .speakers or micro¬ 
phones in a chamber that produces 


echoes. With continuous-wave testing, 
errors in frequency and phase curves 
can result from the addition of reflected 
.signals to the direct response. Such er¬ 
rors introduce familiar standing-wave 
patterns in the re.sponse curves. 

With a tone-biu*.st test signal ener¬ 
gizing the transducer, one can separate 
the direct response and the reflected 
re.sponse by observing the response 
as a function of time. As an example, 
two one-inch-diameter speakers were 
mounted in one end of an eight-foot 
tube with the oppo.site end clo.sed. Fig¬ 
ures 3a and 3b are the voltage wave¬ 
forms observed acro.ss one speaker 
when the other is driven with tone 
bursts of 2.95 kc and 3.0 kc, respec¬ 
tively. Note the large pulse at the left, 
which is the direct transmission from 
one speaker to the other. Its constant 
amplitude indicates that the frequency 
response is the .same at both frequen¬ 
cies. The middle and right-hand pulses 
are the first and second reflections from 
the far end of the tube. 

Figures 4a and 4b are the voltage 
waveforms ob.served acro.ss the same 



Figures 3a (Imh) and 3b (rigbr). Waveforms received by one of two transducers mounted In the end of 
a closed tube, when the other transducer is driven by o tone burst of (a) 2.95 kc. and (b) 3.0 kc. From 
left to right, the pulses ore the direct response, the first reflection from the tube end, and the second 
reflection from the tube end. Notice the consistency In amplitude of the direct pulse at the two frequencies; 

compare with" Figures 4a ond 4b. 
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^ speaker when the other was driven, 
again, with a signal of 2.95 k<* and 3.0 
ke, but with the gate of the Tone-Burst 
Generator held open to produee eontin- 
nous waves. Note that the refleet ion 
phenonuMia now eau.se larg«‘ dilTerences 
(3:1) in the re.spon.se of the system at 
the two fre(juencies. It would be diffi- 
eult to determine the true .speaker re- 
.spon.st^ from the eontinuou.s-wave data. 

Self-Reciprocity Transducer Calibration 

A tran.sdueer can l>e calibrated in 
terms of its respon.se to its own e<‘ho 
when the tran.sduc(»r to be tested and a 
rigid reflecting surfa(‘e are placinl in an 
otherwise anechoi<* space.' The Tone- 
Burst Generator is a convenient source 
of e.xcitation signal for .such a .system. 

Sonar tran.sducers have been cali¬ 
brated by a self-reciprocity system with 
tone-burst excitation of a bridge con¬ 
taining the tran.sdueer as the un¬ 
known.^ From two impedance mea.sure- 
ments it is pos.sible to calibrate the 
tran.sdueer. \ birther advantage of 
tone-burst excitation for the bridge is 
that high peak power can be applied 
without danger of exceeding the di.s.si- 
pation limits of the bridge* arms. 


Amplifier Testing 

Tone-burst .signals are nearly ideal 
wavef(»rms for tests of amplifier per¬ 
formance. In sonar circuitry they arc 
u.st^d to measure amplifier pulse-enve¬ 
lope distortion, and ri.se and fall times. 

Music Rawer Tests 

Peak-power tests of amplifiers may 
u.se tone-burst signals to avoid over¬ 
loads on the power supplies, with conse- 
(|uent .shift in bias points, and also to 
avoid exce.ssive power dissipation. Mu¬ 
sic power (peak) output tests of power 
amplifiers for consumer use re(iuire a 
l)rief tone burst to be applied and its 
amplitude increased until 5% distortion 
is observed.* Distorti(ni can Ik* de¬ 
tected by observation of the amplifier 
output waveform if the distortion level 
is sliarply defined. When an accurate 
distortion measurement is desired, a 
dual-channel or ditTerential-input o.scil- 
loscope can !)e u.sed, and the amplifier 
input .subtracted from the output to 
leave only the distortion product.s. 

L. Berannk, Arouslirt, McCiraw Hill, pg 36:2 

> OrrnM A. .Sabin, “Transduopr Calibration by Im|tcdanrp 
.Vlt?aaurpinenta." Journal of thf Acotufiral Soctrtu of 
Amfhra, Vol 28. No. •!. p|) TtWi-yiO, July Ib.VI. 

* EtA Stnridard, RS~iA4~A, Novpnibrr lUftH. “I’owpr 
Out|iut UatingD of Cuekagrd .Vudiu K<|iii|>input fur lluinc 
rae.*' Elrrtrunir tndiMtrirfi .ViiiHM*iation, 11 Wwit 42nd 
Street. New V'ork New York (S .25). 



Figures 4a (Uft) and 4b (rigKf). Waveforms produced in the same manner as those in Figure 3, except 
that the driving signoi is a continuous one of (a) 2.95 kc. and (b) 3.0 kc. The variation of ompiitude 
indicates the presence of standing waves, which obscure the transducer’s frequency characteristic. 
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Figure 5a. Example of o timple rectifying circulf 
tested with a tone burst. 


Measurement of Room Acoustics 

'rht* reflectioiiH priKluced in a concert 
hull are dotorinininK factors in tlie 
ucou.^ticul <|uality of the space. In a test 
system, a sound .source, which may U* a 
pistol .shot or a sptniker .system, is on the 
stajue. ;\ miiTophone, placed in the seat¬ 
ing area, drivcfs the necessary analyzing 
f‘<iuipment. Comparisons of pistol-shttt 
and continuou.s-wave excitation of a hall 
have shown signilit'ant differences in 
detiTinining rt*verlH‘ration time, a cardi¬ 
nal acoustical prop<*rty.^ Such differ- 
enci*s indicate that the duration of the 
exciting signal is important, and, there¬ 
fore, that a toni* hurst of controliwi 
pn»iM‘rtH^ is dt^irahle. 

An e.xc'elleiit di.scu.ssion of the re- 
spon.st* of four concert halls (I.a Clrande 
Salle, Montreal; C’lowes Hall, Indianap¬ 
olis; Symphony Hall, Boston; and Phil¬ 
harmonic Hall, New York C'ity) to tone- 
hurst tests is given hy Schultz and 
Watters.* 


Testing of Low-Speed Digital Equipment 

The Tyce 1;P.)()-.\ 'rone-Burst (len- 
(*ralor can operate on any pericaiic 


Figure Sb (obove). Open-circuit voltage waveform 
of Tone-Burst Generator output (32 cycles of lO-kc 
signal per burst). Scales are 2 volts per moior 
division vertically and 2 msec per mafor division 
horiiontaliy. 

Figure Sc (right). Waveform of capacitor voitage 
when the voitage waveform of Figure 5b is oppiied 
to the circuit of Figure Sa. Scales are the same 
os in Figure 5b. 
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waveform. If scpiarc or rectangular ^ 
waveforms are applied to the instru¬ 
ment, it can generate puls<* words at a 
hit rate determined hy the gate set tings. 

Such words are us<‘ful in testing digital 
etjuipment. For testing binary devices 
the .MINUS ONE seating of the cycle 
COUNTS .switch is u.st^fiil, .since it permits 
te.sting with words containing an odd 
numl)er of hits. 

Filter Testing 

The re.sponse of a har.dpas.s filter to a 
suddenly applie<l signal in its pa.s.s hand 
is a common measurement. < 

This type of signal cannot he si mu- ^ 

luted hy the usual cw generator, and 
ordinary pulse waveforms will pnaluce 
ringing, which is difficult to analyze. 

With the Tone-Burst Generator, the 
envelope of the transient can Ik* ol>- 
serve<i and measurcsl. 


^Tliiwlort* J. Schulii. "Crohlero* in thp M«Miurrm«*nt of 
Kt*vc>rb«^tion Tinu*.’* Journal of tkt .Audio Knifiurfrine 
SariV/y. 1963. 

* Theotlore J. SchulU and B. O. Wattrra. •' Proiuication 
uf Sound Acrom Audirace Sealinjt." Journal of the .irout- 
tical Society of Ameftea, Vol 36 No. 5. May. 1961. 
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Figure 6a (be/ow). Test system for measuring 
deflection vs time for on oc meter. 


Figure 6b {righ). Deflection as a function of time 
for on oc meter excited by a tone burst. 




Loudspeaker Distortion Measurements 

Distortion nieasiirements can he 
made with tone-hurst e.xcitation of 
speakers.®’ A j^ated microphone is 
used to respond to the signal produced 
by the speaker after the tone hurst has 
been cut ofT. This “hangover” is a 
measure of tlie distortion of the speaker. 
Such systems are capable of using sweep 
^ techni(|ues and being at least semi- 
automated. 

Testing of Rectifying-Type Circuits 

l)(‘tector and other rectifying circuits 
lend themselves directly to tone-burst 
testing. The rectification efficiency and 
tiim* constants of such circuits can be 
testi^ easily with tone-burst excitation. 
For example, consider the waveforms 
of Figures ol) and oc, which were taken 
from the .simple rectifier circuit of 
Figure oa. 

AC Meter Ballistics 

'Fone-burst response tests for charac¬ 
teristics such as rise time, fall time, and 
overshoot, arc frecpiently reijuired for 
rectifying meters, particularly XV me¬ 
ters. Figure 6a shows a test system for 
measuring the meter deflection as a 
function of time.® The fre(iuency at 
which the test is performed must be low 


enough .so that the meter can reach full 
.scale in 128 cycles. The tone bursts 
consist of 128 cycles of test fre(|uency, 
and their spacing is adjusted .so that the 
meter returns to rest at zero after each 
bui’st. The'FvPK 1217-H I’liit Pulse (Jen- 
erator acts as a delay circuit. Its nega¬ 
tive output pulsi* starts as the Tone- 
Hurst (lenerator’s gate opens, and the 
pulse ends at a time determined by the 
.settings of the pi^lsk Dt K.\Tiox con¬ 
trols. The end of this pulse initiates a 
micro.secoiui flash of the Stkoboiwc.® 
electronic .strobo.scope. The pulsk du- 
KATiox controls .set the time between 
the energizing of the meter and the 
flashing of the bright-light source. The 
ambient light should be controlled to 
permit accurate observation of deflec¬ 
tion wlien the flash o<’curs, and to allow 
the .scale to be .seem between flashes. 

Figure 6b is a plot of deflection vs 
time for an ac meter when energized 
1)3^ a burst of 128 cycles of 40-cycle sig¬ 
nal. The rise time from 10% to 90% of 
full scale is 0.5 .second, and the over- 
.shoot is 6%, which corresponds to a 

•M. C. Kidd ‘‘ToniwBtirsit Generator Checks .A-F Tran- 
siento." Elfcironica. Vol 25. So. 7. pii 132-135. July 19.52. 
* j- Whitleinore. “Tranurttorixw Tone System 

for Transient Hf»p<»nfle TestioK of l^oudnpeakcni," Journal 
of Atidia Enoinrrrtng Soritlg, Vol 10, No, 3. pp 200-20:i, 
July llMi2. 

•Thi« system ia patterned after a aiiiiiiar ayatein for dc 
meters, a deaenption of which ap(>eare<l in the January- 
Februar>' 19ti2 iasue of the Etprrimenin-. 
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Figure 7. Tone-bunt lyifem for 
generating power-iine trontiente. 


inotcT cutolT frc(|Uoiu\v of approxi- 
inaiely 0.9 cps. 

High-Power Transients 

Toiif‘-burst tostiiiR allows the average 
signal power to Ik? k(*pt arbitrarily low, 
altliouirh the pulse, or burst, power level 
inay be very hiKh. 'Fhis low-duty ratio 
eoiulitioii may Ik‘ nect'ssary if the de- 
viee under test has noidinearities (i.e., 
the test properties de|KMid on power 
level) and if the test e(|uipment cannot 
operate continuously at the desired 
siKiml or power levels. 

The (leneral Radio Typk bSOH-A 
Audio Oscillator and Power Amplifier 
can Ik* combined with the Type 139()-A 
Tone-Hurst (Jenerator to prodinv au- 
dio-fre<iuency tone bursts whose power 
content may l)e as IukIi as 200 watts. 
The 'r<»ne-Hur.st ( Jenerator can l>e us(»d 
to drive the power amplifier portion of 
the Type l30K-.\. For higher frequen¬ 
cies, the Type I2:i.*i-.V Power Amplifier, 
which delivers up to 15 watts, can Ik* 
used. 

Generation of Line Transients 

A method of producing controlled 
transients in a power-line signal is 
shown in Figure 7. The step-down trans¬ 
former isolates the instniments from 
line voltage and drops the voltage to 
the proper range for operation of the 
instruments (one-half volt, rms). The 
boost transformer may Ik* omitted if the 


total load current is less than 5 amperes 
rms. 


In addition to those* briefly outlinc*<l 
above, the Tone-Hurst Generator has 
many appFK’ations. As a calibrated 
source of ac transients, it is invaluable 
in evaluating the characteristics of 
audio and sup<*rsonic devie*es. 

— J. K. Skilmxg 

APPENDIX 


Some ftpplicuticnp nmy require h kiiowitnlge 
of the frequency eom|)onenls of the tone burst. 
For ti sinusoidal signal, the burst v<iltage ran 
In* expre«*e<l as a F<»urier series liaving only 
sine or cosine terms as follows; 

■I" ■ 2 - !::i [.TrSlfr] 

n= I *" 

e<r) » the tone-burst voltage. 

a« » the amplitude of the nth rom|H»nent. 

n = harmonic numl>er (1,2, 3, 4, etc.), 

\ « numb<*r of eyrle.s of signal in the burst 
(oi’KN count in the Tt»ne-Burst Clenerator). 

M numlH*r of eych*s (lierimls) of signal 
lM*tween luirsts (i-i.osei) count in tin* Tone- 
Burst Crt‘nenitor). 

7’ » the p<‘riod of the signal being gated. 
The sine series is us«*d if the .rignal is gain'd on 
and off at wro cn>s.sings, and the cosine stories 
if giiting is at the |)eak ptdnt of the sinusouial 
input voltage. The etpiation indieat4*s that a 
t«»ne burst is equivalent to a signal of amplitude 
ai at the reiM*tition rate of the tone burst, plus 
a signal of amplitude ai at twice th<* rep«*tituin 
mte (the secoiul harmonic), plus a signal of 
amplitude iu »it thrtH* times the repetition fre- 


Frequency Content of Tone Bursts 


Others 
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Figure 8. Amplitude of 
the first 31 Fourier har¬ 
monics of o one-cycle- 
on, one-cycle-off lone 
burst. Switching at 
zero crossings in 
black; switching at 
peak points in red. 


quency (the third harmonie), uiid so on, in- 
definiudy. The umplitude of each i'omp<inent 
in the above wrii»H is given by: 



E « the amplitude of the signal l>eing gatini. 

The values of X an<l .M are on the Tone- 
Burst gtuiemtor eirntrols. When x or y equals 
*en», the two fractions involvtHi tu«sume in¬ 
determinate f(»rms, but the pro|)cr value of the 
fraction under the.se conditions is one. 

As an example of the u«* of these eciuations, 
consider a ton<>-burst signal having one cycle 
on and one cycle off (M — X *» I). The ampli¬ 
tude etpiation is: 




sin (n -2)~ sin (n + 2)^ 

K -=F- 

(n -2) ' (n +2)' 


The two fnu'tions in the bracketed expres¬ 
sion are subtracted if the input signal is gat<*<l 
at zero crossings and added if gating is at the 
|)eak. The table Itelow gives the amplilud<*8 
for values of n equal to 1, 2, 3, 4, and 5 with 
fs^th jjero crossings and ])euk-point gating: 


n 

Zero-CTOiiHing gating 

Peak-point gating 

1 

0.424 K 

0.212 E 

2 

0..5(H) K 

0.5(K) E 

3 

0.2r).5 E 

0.3S2 E 

4 

0 

0 

5 

O.fMil E 

0.1.52 E 


Figure S is a ph»t of the first thirty-one har¬ 
monics of the above signal. Figure D shows, us 
a second example, the first thirty-one harmonics 
of an eight-cych*-on, eight-cyclc*H>ff tone burst. 
The two curves were taken from an automatic 
plot of the frt‘quer»cy s|)ectrum producetl by 
using a (jcneral Hatlio Ty|)A ll)tM)-.\ Wave 
.Analyzer and Ty|K* 1,V2I (iniphic I^‘vel 
Bei'order. In the two examples the tone burst 
ha<l X “ .M, for which case the amplitudes 
an* zero for even values of n (except zero). 
Therefore, when a tone burst is “sipiare”, 
i.e., has ecpial on and off time, there are no 
evt*n harmonics except the one that may lie at 
the input-signal frtM|uency. 


Figure 9. Amplitude of 
the first 31 Fourier har¬ 
monics of an 8-cycle- 
on, 8-cycle-off tone 
burst. Switching at 

zero crossings in 

block; switching at 
peak points in red. 
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GENERAL RADIO EXPERIMENTER 


SPECIFICATIONS 


SIGNAL INPUT (signal to bo gotod) 

Froguoncy Rongo: (li! io 500 k(’.. 

Maximum Voltogc Lovol: :±i7 Vdits (5 VultA, 
rni8). 

Input Impodonco: Approximately 10 kilohms. 
TIMING SIGNAL (tignol thot controls goto timing) 
Froquoncy Rongot <1(* to 500 kc. 

Maximum Voltoge Lovol: ;tl0 Volt8. 

Minimum Voltogo Lovol: 1 volt, |M‘ak-to-IM‘ak. 
Input Impodonco: \p|iroximat<‘l}' 7 kilohiita. 
Triggoring: Slope* selertuhle, trifULer level arl- 
justulile from —7 tei -t-7 voltfl. 

GATE TIMING: Gate-open and -cloxed inlervaU 
mn U* indetN>nilently set to 2, 4, 8, 10, 112, 04, 
or 128 evr|i»s (fteriods) of timing si^iml. Ily 
means of a mini s oxk switch, intervals eaii Ik.* 
■»et t«» 1,3, 7, 15, 31, IVI, or 127 cycles. The Rate- 
cIosimI inU*rvals can alst) lie timed in incn'iiieiitv 
of line period of timiiiK sijcnnl from 1 msec to 
ID m*c. Fixed timing errors are le.ss than (1.5 
M-sec, 

GATED SIGNAL OUTPUT 

Goto-Opon Output: Maximum signal level is 
±7 Mills. Total distortion is less than — W) 
db (enmpanHl to maximum level) at 1 kc and 
10 kc 

Goto-Clotod Output: Ia*ss than 140 millivolta, 
|K*ak-UH|)euk, (—40 db) with maximum signal 
input. 


Podostal Output (dc patantial difftranca betwaan 
ap«n- and clasad<gat« autput): ('an l>e nulletl 
from front panel. l.«*ss than 50-millivolt change 
v^nth line voltage. 

Switching Transients: Ia*SS than 1 10 millivolts, 
|)eak-to-peak, ( — 40 db coinpari>d to maximum 
signal input). 

Output Impedance: tiOO ohmS. 

GATING VOLTAGE OUTPUT (signal far triggering 
ascillascape): Rectangular wuvefonn of appro.xi- 
mutely -f- 12 volts at lO-kilohm source when the 
gate IS clos(*d and anproxiniately —12 volts 
at 20 kilohnui when the gate is u|m*u. 

GENERAL 

Ambient Operating Temperature: 0 to 50 C (32 
to 122 F». 

Pawer Requirements: 105 to 125 (or 2(M) to 240, 
or 210 to 'J.^O) volts, .*)() to 00 c|)8, 15 watts, ap¬ 
proximately. 

Accessories Supplied: Tvi'K C.AF-22 Power 
Cord. 

Accessories Required: Kxtemal source for any 
desired frequency range lM*lwi*en 0 and 500 ke. 
Cabinet: Ikmch type with rublM*r feet. Front 
fi*t*t are extendible to lilt cabinet. 

Dimensions: Width 8, height depth 7H 

inches (205 by 150 by 105 mm), 4iver-all. 

Net Weight: 0*0 pounds (3 kg). 

Shipping Weight: 10 pounds (4.6 kg). 


Typr 

1 Price 

1396-A 

Tona-Burst Generator 

1 $490.00 


PRICE CHANGES 


Kcunomirs rerenlly uchievod in 
mainifaotiirc have made possible siib- 
stantial price reductions in certain 
models of our Type AOO Resistors, 
Type OSO Decade Capacitor Cnits, 


and Type 1410 Polystyrene Decade 
Capacitors. 

Increased material costs have ne¬ 
cessitated price increases in a few 
items. 


Type 


(Hd I*rice 

\ew Price 

SOO-V 

Resistor, 200,000 ohms 

S 8.50 

$ 7.50 ' 

500-W 

Resistor, 500,000 ohms 

17.00 

11.00 

500-X 

Resistor, 1 megohm 

27.00 

16.00 V 

980-B 

Decode Copocitor Unit, 0.01-pf steps 

Sf.-'i^.OO 

45.00 ' 

980-C 

Decade Capacitor Unit, 0.001 stops 

57.00 

45.00 ^ 

980-0 

Decade Capacitor Unit, 0.0001-pf steps 

37.00 

50.00 - 

1419-A 

Polystyrene Decode Capacitor, 1.110 pf in steps 

205.00 

180.00 

1419.B 

of 0.001 pf 

Polystyrene Decade Capacitor, 1.1110 pf in steps 

262.00 

230.00 

874.0NP 

of 0.0001 pf 

Locking Adapter to Type N Jock 

5.00 

5.50 

1265-AM, 

Adfustoble DC Power Supply 

875.00 

1050.00 ^ 

-AR 

1630.AL 

Inductance-Measuring Assembly 

2440.00 

2660.00 

1630-AV 

Inductonce-Meoswring Assembly 

3230.00 

3450.00 ^ 
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LOW- 

DISTORTION 

OSCILLATOR 


We have received a number of in¬ 
quiries for the Type biOl-A Low-Dis¬ 
tort ion ()s<’illator, and we are glad to 
announce that this instrument is still 
availal)le from stock. 

The Low-Distortion Oscillator pro¬ 
vides push-button selection of 27 fixed 
frequencies between 20 and lo.OOO 
cps. These are the recommended test 


S P E C I F I 

FREQUENCY 

Control: A fn*qu**Dry of 20, 25, IM), 40, 50, 00, 
75, 100, or 150 pjw is select!^ by a push button. 
Puah-button multipliers of 1, 10, and HNI are 
provide*!. 

Accuracy: f (1 * 2 % -|- 0,1 ep»). 

Stobility: Fretpieney changes with litu» voltage 
or output load are negligible. Drift is not 
greater than 0.02^ ^ p«*r hour after the first 
iO minutes. 

OUTPUT 

Impodonco: S4‘lc‘cted by push button; 0(MI ohms, 
b;ilaneiMi, <i(N> or 5000 olims, gruund«*d. 

With bulancetl loud, fiOO-ohm iNihuinMl out¬ 
put is balaiKHHl for all audio fre<|ueneie8. The 
5(MN)-ohm output varies with t>utent iometer 
setting l)Otween KMNI and HOtNI ohms. Potenti- 
omet4*r also has slight effect on (UNI-uhm 
grounded im|)edance. 

Voltage (Max): HO volts, open circuit; 0.0 volts 
with 0(N)-ohm load consbint with frequency 
within ±1 dl). 

Power: 18 milliw'atts into GOO ohms; KM) milli¬ 
watts into 5(MM) ohms. 

DISTORTION AND NOISE LEVEL 

Distortion: 5(MN)-ohni output, not more than 

O.DXl tMMI-ohm output, not more than 0.1% 


fretiuencies for audio distortion meas¬ 
urements in radio-broadcasting sta¬ 
tions. 

This oscillator and the Type 
HKt2-A Distortion and Xoise Meter 
comprise a system for the fast ami 
accurate measurement of distortion 
and noise level in audio-fre<|Ucncy 
circuits. 


:AT IO N S 

lietween 50 and 75(M) ejm, and not more than 
0.25* c l»eIow 50 c|js. 

AC Hum: Not more than 0.05*/'o of output 
voltage. 

GENERAL 

Terminals: .lack-lop binding iMists with standard 
^ 4 -inch spacing, a grouiul t<‘rminal, and a 
standard Wesleni Klectric <U)uble output jtick 
on the front panel: duplicate output tenninals 
on the rear ot the instninuuit. 

Power Input: 105 to 125 (or 210 to 250) volts, 
25 to 1^) c|)8, 45 watts. S|>ecify lin<* volUige and 
fre*|Uoncy when or<h*ring. 

()|)eration from 400-cycIe supply is |)ossible 
if line volt.age is between 110 and 125 volts: 
power-fnM|uency hum is increasr-d at 2<X)- and 
400-cycle output. 

Acceseoriet Supplied: TypB CAP-22 Power 
Ckjni, multipoint Connector, Type l.HOl-201 
Plug .Assembly, spare fuses. 

Mounting: Il<‘lav-rack panel. Knd frames are 
available for table mounting. (See price table 
below.) 

Panel Finleh: Standard (leiieral Radio gray 
crackle. 

Dimeniiont: Width 10, height 7, depth lHt {2 
inches (475 by 180 by H45 mm), over-all. 

Net Weight: Hit) ftoutlds (14.5 kg). 

Shipping Weight: H5 |Mmnds (IG kg). 



Tlfpr 


Prirr 


1301-A 

Low-Dittortlen Oscillator 

$S95.00 


FRI-4n-2 

Aluminum End Frames 

15.00 pair 
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Figure 1. 



AUTOMATIC 

PLOTTING 

OF 

ANTENNA 

PATTERNS 




Th(‘ Type 1521 -A Graphic l^v^el Re¬ 
corder is shown here (Figure 1) at 
C'hannel Master Corporation plotting 
automatically the din^ctivity pattern 
of a Super-Crossfire antenna. A Selsyn 
transmitter is mounted on the shaft of 
the motor that rotates the antenna. The 
Selsyn receiver drives the re(!order 
through a chain and spur gear (to do 
this, the gear .shift on the rt*corder must 
he in neutral, as shown). Hy choice of 
gear ratio, the chart can Iw calibrated 
in the desired numl)er of degrees per 


divi.sion. 40-<lb range on the vertical 
.scale is ordinarily u.sed. The receiving 
antenna is not vi.sible in the photo¬ 
graph. The driving oscillator, which can 
Ije partially seen ju.st over the .shoulder 
of the operat(»r, is a General Radio 
Unit Oscillator, with the Type 12t33 ^ 

Amplitude-Regulating Power Supply to 
ensure constant excitation level. Figure 
2 shows a typical record plotted on this 
e(|uipment for the C’hannel Ma.ster 
#3607 Super-Crossfire antenna of Fig- s 
ure 3. 



63.25 Mr 


>2 General Radio Company 
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